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Description

TECHNICAL FIELD

Cross-reference to Related Applications

[0001] The present application claims the benefit of priority based on Korean Patent Application No. 2020-0042803,
filed on April 8, 2020, the entire contents of which are incorporated herein by reference.

Technical Field

[0002] The presentinvention relates to a catalyst composition including an oxonium ion-based catalyst and an alumi-
num-based cocatalyst, and a method for preparing an isobutene polymer using the same.

BACKGROUND ART

[0003] Polyisobutene is classified into a low molecular weight, medium molecular weight and high molecular weight
range according to a molecular weight range. The low molecular weight polyisobutene has a number average molecular
weight in a range of about 10,000 or less and may be classified according to the content of carbon-carbon double bonds
positioned at terminals into a conventional polybutene (PIB) having 20% or less of terminal carbon-carbon double bonds
and high reactive polybutene (HR-PB). The high reactive polybutene may be used as a fuel additive or an engine oil
additive after introducing functional groups using vinylidene functional groups at the terminals (>80%).

[0004] Butyl rubber (isobutene-isoprene rubber (lIR) is an isobutene-isoprene copolymer which contains isobutene
and about 1 to 6% of isoprene, and has excellent chemical resistance, humidity resistance, electrical insulation, etc. and
thus, is used as an adhesive composition, an adhesive sheet, etc. In addition, butyl rubber undergoes additional halo-
genation reaction of the double bonds of isoprene for the crosslinking/compounding with other rubber and then being
used, and is characterized in not showing gas permeability, and accordingly, is widely used in the inner tube and inner
liner of a tire, etc.

[0005] As a synthetic method used for preparing an isobutene-based polymer such as polyisobutene and butyl rubber,
cationic polymerization is typical, and as a catalyst, a Lewis acid catalyst such as BF; and AICl; is generally used. The
Lewis acid catalyst is weak to humidity and if reacts with water, a strong acid such as HCI and HF may be produced,
and this may be mixed in a product to induce defects of deteriorating product quality. In addition, due to the strong
corrosiveness of the Lewis acid catalyst, high investment costing is required considering corrosion resistance when
designing a process.

[0006] The cationic polymerization is mostly performed at a low temperature, and there are difficulties in careful
controlling of a polymerization temperature around -100°C according to the molecular weight of butyl rubber to produce.
Particularly, to increase the molecular weight of a butyl rubber product having a medium molecular weight or more, the
polymerization is required to perform after reducing the reaction temperature to an extremely low temperature of - 100°C,
and to control the temperature, an expensive ethylene refrigerator is required to install and use. To secure safety, a
number of refrigerators are designed in double or triple, and there are defects of increasing investment costing.
[0007] Further, in a quenching working after using the Lewis acid catalyst, a large amount of an organic base such as
NaOH, KOH, NaNH,, and KNH, is used, and such an organic base reacts with the Lewis acid to form a highly toxic
waste material such as Na(BF;OH), Na(AICI;OH), K(BF30H), and K(AICI;OH), and in case of washing them, a large
amount of waste water is generated.

[0008] The conventional method for preparing an isobutene-based polymer as described above has defects of various
aspects, and the development of a method for efficiently preparing an isobutene-based polymer using a harmless method
to environments is still required.

[Prior Art Document]

[0009] [Patent Document]
JP 2000-191714 A

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0010] Anobjectofthe presentinventionis to provide a novel catalyst composition which may be used for the preparation
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of an isobutene-based polymer.
[0011] Another object of the present invention is to provide a method for preparing an isobutene-based polymer using

the catalyst composition.

TECHNICAL SOLUTION

[0012] In order to solve the above-described tasks, the present invention provides a catalyst composition including a
catalyst represented by the following Formula 1 and a cocatalyst represented by the following Formula 2:

[Formula 1]

(R1)o
R\O/R =
i e/ 7™ (Rale.
R/O\R (Ra)r - L (Ry)q

in Formula 1,
R is an alkyl group of 2 to 12 carbon atoms,

R, to R, are each independently a halogen group, and
0, p, q and r are each independently an integer of 1 to 5,

[Formula 2]

(Ra)mAl(Z)3.m

in Formula 2,
R, is ahydrocarbon group of 1 to 20 carbon atoms,
Z is a halogen group, and

m is an integer of 0 to 3.

[0013] In addition, the present invention provides a method for preparing an isobutene-based polymer, including
polymerizing a monomer composition including an isobutene monomer in the presence of the catalyst composition.

ADVANTAGEOUS EFFECTS

[0014] The catalyst composition of the present invention is a combination of an oxonium ion-based catalyst having
excellent catalyst activity and an aluminum-based cocatalyst. In case of using the catalyst composition, the active cationic
polymerization of an isobutene monomer is possible even at a temperature which is not an extremely low temperature,
and an isobutene polymer may be prepared with excellent efficiency.

[0015] In addition, the isobutene-based polymer prepared according to the present invention has excellent physical
properties with a high weight average molecular weight and narrow molecular weight distribution.
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BEST MODE FOR CARRYING OUT THE INVENTION

[0016] Hereinafter, the present invention will be described in more detail in order to assist the understanding of the
present invention.

[0017] It will be understood that words or terms used in the description and claims of the present invention shall not
be interpreted as the meaning defined in commonly used dictionaries. It will be further understood that the words or
terms should be interpreted as having a meaning that is consistent with their meaning of the technical idea of the invention,
based on the principle that an inventor may properly define the meaning of the words or terms to best explain the invention.

Catalyst composition

[0018] The catalyst composition of the presentinvention is characterized in including a catalystrepresented by Formula
1 below and a cocatalyst represented by Formula 2 below.

[Formula 1]

|
o) ‘R4 (Rs)q
3

[0019] In Formula 1,

R is an alkyl group of 2 to 12 carbon atoms,
R, to R4 are each independently a halogen group, and
0, p, q and r are each independently an integer of 1 to 5.

[Formula 2]

(Ra)mAl(Z)3.m

[0020] In Formula 2,

R, is a hydrocarbon group of 1 to 20 carbon atoms,
Z is a halogen group, and
m is an integer of 0 to 3.

[0021] In Formula 1, R is an alkyl group of 2 to 12 carbon atoms, particularly, an alkyl group of 2 to 8 carbon atoms,
an alkyl group of 2 to 6 carbon atoms, an alkyl group of 2 to 4 carbon atoms, preferably, an ethyl group, an isopropyl
group or a butyl group.

[0022] In Formula 1, R, to R, are each independently a halogen group, for example, each independently F or Cl, and
preferably, all Ry to R4, may be F. In addition, o, p, g and r may be independently an integer of 1 to 5, an integer of 3 to
5, particularly, 4 or 5. Most preferably, R, to R, may be F, and o, p, g and r may be 5.

[0023] In addition, an organic borate,
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R)o
/\\/ 1
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Ral @ (Rakq
[

which is included in the compound represented by Formula 1 may particularly be one or more selected from the group
consisting of tetrakis(pentafluorophenyl)borate and derivatives thereof, preferably, tetrakis(pentafluorophenyl)borate.
[0024] The catalyst of the present invention includes an organic borate containing one or more halogen group sub-
stituents which have strong electron withdrawing phenomenon as anion moieties, and a C-B bond is strong. Accordingly,
though mixed with the cocatalyst represented by Formula 2, i.e., the aluminum-based cocatalyst, the bonding is kept,
and catalyst activity is not lost, and thus, the catalyst is used for cationic polymerization to show excellent efficiency.
[0025] On the contrary, in case where the phenyl group of the anionic moiety does not include a substituent, or an
alkyl substituent, etc., is bonded, for example, in case where a trifluoromethyl group is bonded to the phenyl group, side
reactions may arise if combined with the cocatalyst represented by Formula 2 of the present invention, and defects of
decomposing the catalyst and inhibiting the initiation of polymerization may arise.

[0026] In addition, in case of using a catalyst not corresponding to Formula 1, for example, a Lewis acid catalyst (for
example, BF3), an organic base such as NaOH, KOH, NaNH,, and KNH,, is used in a large amount for a quenching
process after the reaction, and such organic base reacts with a Lewis acid to form a highly toxic waste material such as
Na(BF30H), Na(AICI;OH), K(BF30H), and K(AICI;OH), and in case of washing them, a large amount of waste water is
generated.

[0027] Forexample, the catalyst represented by Formula 1 may be selected among Formula 1-1 to Formula 1-3 below,
without limitation.

[Formula 1-1]

{Fls
I N B@
b G" (F)

[Formula 1-2]
(F)s

2
(F)s

Fs (Fs




10

15

20

25

30

35

40

45

50

55

EP 3 988 586 A1

[Formula 1-3]

,/\A

@

\/ (F)s (Fs

[0028] The catalyst composition of the present invention includes the cocatalyst represented by Formula 2 together
with the catalyst represented by Formula 1. Here, the cocatalyst represented by Formula 2 may define aluminum trihalide,
alkylaluminum dihalide, dialkylaluminum halide or trialkylaluminum according to the value of m.

[Formula 2]

(Ra)mAl(Z)3.m

[0029] In Formula 2,

R, is a hydrocarbon group of 1 to 20 carbon atoms,
Z is a halogen group, and
m is an integer of 0 to 3.

[0030] In Formula 2, each R, is a hydrocarbon group of 1 to 20 carbon atoms, particularly, each R, may be an alkyl
group of 1 to 12 carbon atoms, a cycloalkyl group of 3 to 12 carbon atoms or an aryl group of 6 to 12 carbon atoms,
preferably, an alkyl group of 1 to 6 carbon atoms, an alkyl group of 1 to 3 carbon atoms, for example, an ethyl group.
[0031] In Formula 2, each Z may be a halogen group, particularly, Br or Cl, preferably, Cl, and m which means the
number of R, bonded to Al may be an integer of 0 to 3.

[0032] Inthe presentinvention, the cocatalyst represented by Formula 2 may be one or more selected from the group
consisting of aluminum trichloride, methylaluminum dichloride, ethylaluminum dichloride, isopropylaluminum dichloride,
ethylaluminum dibromide, dimethylaluminum chloride, diethylaluminum chloride, diisopropylaluminum chloride, di-
isobutylaluminum chloride, dimethylaluminum bromide, trimethylaluminum, triethylaluminum, tri-n-propylaluminum, tri-
isoporpylaluminum, tri-n-butylaluminum, triisobutylaluminum, tri-t-butylaluminum, tripentylaluminum, trihexylaluminum,
tricyclohexylaluminum, trioctylaluminum and tri-2-ethylhexylaluminum, preferably, ethylaluminum dichloride, diethylalu-
minum chloride or triethylaluminum, without limitation.

[0033] The catalyst composition of the present invention is suitable to use for the preparation of an isobutene-based
polymer by cationic polymerization. During cationic polymerization, it is important to stabilize a cationic moiety formed
during polymerization reaction, and the cocatalyst represented by Formula 2 is a strong Lewis acid and may form an
ion pair with the organic borate in a catalyst structure, and through this, plays the role of effectively stabilizing the cationic
moiety, and an isobutene-based polymer having a high molecular weight may be prepared.

[0034] The catalyst and cocatalyst used in the present invention react to form an aluminum cation, for example, if
[H(CoH50),][B(CeF5)4] is used as the catalyst, and (C,Hs),Al(Cl) is used as the cocatalyst, aluminum cations having
strong Lewis acid properties such as [Al(C,H5)CI]* and [AICI]2* are formed, and these may be suitably used as polym-
erization initiators for the cationic polymerization of an isobutene monomer. On the contrary, since metal compounds
including elements including aluminum oxide such as aluminoxane, zinc (Zn), iron (Fe), etc. has low reactivity, the
formation of a metal cation by the reaction with the catalyst is difficult, and it is unsuitable for using as a cocatalyst of
cationic polymerization reaction. Hence, in the presentinvention, the catalystrepresented by Formula 1 and the cocatalyst
represented by Formula 2 are used as a suitable combination for efficiently performing cationic polymerization in a high
conversion ratio and preparing an isobutene-based polymer.

[0035] Particularly, in case of copolymerizing an isobutene monomer and an isoprene monomer, different from homopo-
lymerizing an isobutene monomer, the isoprene monomer may be bonded to a cation chain undergoing polymerization
to form a resonance structure, and it is apprehended that additional reaction of cations may be degraded, and additional
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polymerization may be performed very slowly, or termination reaction may arise. Considering this, it is important that
the selection and use of a catalyst having high reactivity and a cocatalyst so that early termination may not arise.
[0036] Inthe presentinvention, a weight ratio of the catalyst represented by Formula 1 and the cocatalyst represented
by Formula 2 may be 1:0.1 to 1:50. Particularly, based on 1 part by weight of the catalyst represented by Formula 1, the
cocatalyst represented by Formula 2 may be 0.1 parts by weight or more, 0.2 parts by weight mor more, 0.5 parts by
weight or more, and 50 parts by weight or less, 30 parts by weight or less, 10 parts by weight or less, 8 parts by weight
or less, 5 parts by weight or less, 4 parts by weight or less. For example, a weight ratio of the catalyst represented by
Formula 1 and the cocatalyst represented by Formula 2 may be 1:0.2 to 1:30, 1:0.3 to 1:8, 1:0.5 to 1:4.

[0037] If the above-described range is satisfied, the activation of the catalyst through the formation of a complex of
the catalyst and the cocatalyst may be sufficiently carried out, cationic polymerization may be actively performed, the
remaining of an unreacted material such as an unreacted cocatalyst may be prevented, and processing cost may be saved.

Preparation method of isobutene-based polymer

[0038] The method for preparing an isobutene-based polymer of the present invention is characterized in including
polymerizing a monomer composition including an isobutene monomer in the presence of the catalyst composition.
[0039] Inthe presentinvention, the monomer composition may include an isobutene monomer and derivatives thereof
as a monomer, and may further include an isoprene monomer, a styrene monomer, an alpha-methyl styrene monomer,
a tetrahydrofuran monomer, a butadiene monomer, or combinations thereof.

[0040] Accordingtothe constitution of the monomer composition, the isobutene-based polymer may be a polyisobutene
obtained by homopolymerizing an isobutene monomer or derivatives thereof, or an isobutene-isoprene copolymer ob-
tained by polymerizing an isobutene monomer and an isoprene monomer in the present invention.

[0041] In case where the isobutene-based polymer is the isobutene-isoprene copolymer, the content of the isoprene
may be 1 to 10 mol%, 1 to 8 mol%, 1 to 5 mol% based on the isobutene-isoprene copolymer.

[0042] In the present invention, the monomer composition may include a hydrocarbon solvent. That is, the polymeri-
zation of the monomer composition may be performed in a hydrocarbon solvent.

[0043] Particularly, the monomer composition of the present invention may include a hydrocarbon solvent together
with the catalyst and the cocatalyst, and the hydrocarbon solvent may use a mixture of a nonpolar hydrocarbon solvent
and a halogenated hydrocarbon solvent, or a nonpolar hydrocarbon solvent may be used solely.

[0044] The nonpolar hydrocarbon solvent may be an aliphatic hydrocarbon solvent or an aromatic hydrocarbon solvent.
For example, the aliphatic hydrocarbon solvent may be one or more selected from the group consisting of butane,
pentane, neopentane, hexane, cyclohexane, methylcyclohexane, heptane and octane, preferably, hexane, without lim-
itation. In addition, the aromatic hydrocarbon solvent may be one or more selected from the group consisting of benzene,
toluene, xylene and ethylbenzene, preferably, toluene, without limitation.

[0045] The halogenated hydrocarbon solvent may be one or more selected from the group consisting of chloromethane,
dichloroethane, trichnloromethane, 1-chlorobutane and chlorobenzene, without limitation.

[0046] With respect to the hydrocarbon solvent, if the solubility of the catalyst is excellent, and the solubility of the
isobutene-based polymer is poor, an initial reaction rate may be excellent, and a polymerization conversion ratio may
be shown high, butin the isobutene-based polymer produced, chain propagation reaction is performed, and an isobutene-
based polymer having a relatively small molecular weight may be prepared. On the contrary, with respect to the hydro-
carbon solvent, if the solubility of the catalyst is relatively poor, and the solubility of the isobutene-based polymer is
excellent, a polymerization conversion ratio may be reduced, but chain propagation may be smoothly carried out, and
an isobutene-based polymer having a high molecular weight may be prepared. Considering this, a suitable hydrocarbon
solvent may be selected in ranges satisfying a desired degree of molecular weight and conversion ratio, and used.
[0047] In the present invention, if the nonpolar hydrocarbon solvent and the halogenated hydrocarbon solvent are
mixed and used as a solvent, a mixing ratio may be 100:1 to 1:2 by volume, particularly, 100:1 to 1:1 by volume, without
limitation.

[0048] If the monomer composition includes a hydrocarbon solvent, the isobutene monomer may be 10 to 60 wt%,
particularly, 15 to 50 wt%, 20 to 40 wt% based on the monomer composition. If the concentration of the isobutene
monomer is within the range, cationic polymerization may be efficiently performed, and a high conversion ratio may be
accomplished.

[0049] The hydrocarbon solvent may be the same as the hydrocarbon solvent composing the catalyst composition or
may be a different one.

[0050] Inthe presentinvention, the catalystrepresented by Formula 1 may be 0.005 to 0.5 parts by weight, particularly,
0.005 parts by weight or more, 0.01 parts by weight or more, 0.02 parts by weight or more, and 0.5 parts by weight or
less, 0.4 parts by weight or less, 0.3 parts by weight or less, 0.2 parts by weight or less, based on 100 parts by weight
of the isobutene monomer.

[0051] In the above-described range, the amount of the catalyst is sufficient with respect to the monomer, and copo-
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lymerization reaction may be smoothly performed, and economic feasibility may be achieved.

[0052] In the presentinvention, the cocatalyst represented by Formula 2 may be 0.005 to 0.5 parts by weight, partic-
ularly, 0.005 parts by weight or more, 0.01 parts by weight or more, 0.02 parts by weight or more, and 0.5 parts by weight
orless, 0.4 parts by weight or less, 0.3 parts by weight or less, 0.2 parts by weight or less, based on 100 parts by weight
of the isobutene monomer.

[0053] If the cocatalystis used in the above-described range, suitable using effects of the cocatalyst may be achieved,
and the isobutene-based polymer may be prepared in excellent efficiency. If an excessive amount is added, it is appre-
hended that the increase of processing cost may be induced according to the increase of the amount of remaining by-
products in a final polymer, and accordingly, it is preferably that a suitable amount of the cocatalyst is controlled to use
within the above-described range.

[0054] In the present invention, the polymerization may be performed at a temperature of -50 to -10°C, and in order
to efficiently prepare an isobutene-based polymer having a high molecular weight according to the object of the present
invention, the polymerization may be performed particularly at a temperature of -50°C or more, -45°C or more, and -10°C
or less, -15°C or less.

[0055] In the above-described range, catalyst activity is excellent, cationic polymerization may be actively performed,
and the preparation of an isobutene-based polymer having a low molecular weight by chain transfer may be prevented.
[0056] In addition, the polymerization may be performed in the above-described temperature range for 10 minutes to
3 hours, particularly, 10 minutes or more, 30 minutes or more, 40 minutes or more, and 3 hours or less, 2 hours or less,
1 hour or less.

[0057] In the above-described range, cationic polymerization may be sufficiently performed, and the reduction of a
molecular weight or the increase of molecular weight distribution of an isobutene-based polymer due to overreaction
may be prevented, and an isobutene-based polymer having excellent physical properties may be efficiently prepared.

[0058] In the presentinvention, by using the catalyst composition including the catalyst represented by Formula 1 and
the cocatalyst represented by Formula 2, an isobutene-based polymer having a high molecular weight and narrow
molecular weight distribution may be prepared.

[0059] Particularly, according to the preparation method of the present invention, an isobutene-based polymer having
a weight average molecular weight of 100,000 to 1,000,000 g/mol may be prepared. Particularly, the weight average
molecular weight of the isobutene-based polymer prepared according to the present invention may be 100,000 g/mol
or more, 120,000 g/mol or more, 130,000 g/mol or more, and 1000,000 g/mol or less, 800,000 g/mol or less, 600,000
g/mol or less, 550,000 g/mol or less. In addition, the number average molecular weight of the isobutene-based polymer
may be 30,000 g/mol or more, particularly, 50,000 g/mol or more, 70,000 g/mol or more, 500,000 g/mol or more, and
400,000 g/mol or less, 300,000 g/mol or less.

[0060] In addition, the molecular weight distribution of the isobutene-based polymer may be 1.5 to 3.0, particularly,
1.5 or more, and 3.0 or less, 2.7 or less, 2.6 or less, 2.3 or less.

[0061] Through the preparation method of the present invention, the preparation by diversely controlling the physical
properties of the isobutene-based polymer within the above-described ranges may be possible, and particularly, by
controlling the type or amount of the cocatalyst, the molecular weight and molecular weight distribution may be easily
controlled according to desired objects.

[0062] The weight average molecular weight and the number average molecular weight are polystyrene converted
molecular weights analyzed by gel permeation chromatography (GPC), and the molecular weight distribution may be
calculated from the ratio of (weight average molecular weight)/(number average molecular weight).

[0063] The preparation method of the isobutene-based polymer of the present invention may further perform a step
of removing the catalyst after the step of cationic polymerization of a monomer. The catalyst of the present invention
may be efficiently removed through a simple physical filtering step, and its use and removal is even easier than a Lewis
acid catalyst of the conventional technique.

[0064] Particularly, after polymerizing the isobutene-based polymer, the organic solvent may be removed to control
the organic solvent in 40 wt% or less, 20 wt% or less, or 5 wt% or less of an oligomer or a polymer. Then, in case of a
fluidal polymer, a step of filtering insoluble materials using a glass filter of 80 mesh or more, 100 mesh or more, or 200
mesh or more is performed. Otherwise, the catalyst may be removed through passing the fluidal polymer using a silica,
celite or zeolite filter.

[0065] Meanwhile, in case of a polymer having small fluidity, fluidity is provided using one or more selected from the
group consisting of a linear alkyl solvent, for example, pentane, cyclopentane, hexane, cyclohexane, heptane and octane,
and an ether solvent, for example, diethyl ether and petroleum ether, and then, a step of filtering through the glass filter,
a silica filter, a celite filter or a zeolite filter may be performed.

[0066] Generally, by dissolving the isobutene-based polymer produced in an organic solvent including pentane, cy-
clopentane, hexane, cyclohexane, heptane, octane, diethyl ether or petroleum ether and then, washing, the catalyst is
removed. However, in the present invention, since the catalyst represented by Formula 1 may be efficiently removed
through the above-described simple filtering step, a separate washing step may not be performed.
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[0067] In addition, the preparation method of the present invention may further include a step of drying remaining
solvents after the step of filtering. For example, a drying temperature may be 30 to 200°C, or 40 to 150°C, and a vacuum
degree may be 300 torr or less, 200 torr or less, or 100 torr or less. As a result, a desired isobutene-based polymer may
be efficiently obtained. In addition, a drying method is not specifically limited, but may be a common method.

[0068] In addition, in the preparation method of the isobutene-based polymer of the present invention, a step of drying
a halogenated hydrocarbon solvent may be separately performed or not after the step of polymerization and before the
filtering. In case of performing the drying step, drying conditions may be the same as described above, without specific
limitation.

[0069] In case of separately performing the drying step of the halogenated hydrocarbon solvent, there are advantages
in that an isobutene-based polymer may be obtained in a higher purity. However, according to the present invention,
since the catalyst may be easily removed through the simple filtering as described above, the separate dying step of
the halogenated hydrocarbon solvent may be omitted after the step of polymerization and before the filtering, there are
advantages in simplifying a process.

Examples

[0070] Hereinafter, the present invention will be described in more detail by embodiments. However, the embodiments
below are only illustrations of the present invention, and the invention is not limited thereto.

Preparation Examples and Comparative Preparation Examples: Preparation of Catalysts

Preparation Example 1

[0071]

[Formula 1-1]

(Fls

! //\\//\O/A\/\ 1 @ 7
7 N\ _g
H @(F)s

O (F)s (F)s

[0072] In a glove box, 100 mg of [H(Et,0),][B(CeF5)4] (Ashai Glass Co.) was put together with a magnetic bar in a
vial and dissolved in 2 mL of dichloromethane. Then, 3 equivalents of anhydrous dibutyl ether (purchased from Aldrich)
were injected thereto, followed by stirring in vacuum conditions for 30 minutes. After stirring, all solvents were removed
in vacuum conditions, and a white powder obtained was washed using anhydrous hexane by 3 mL x three times, and
then dried in vacuum conditions to obtain a catalyst.

Preparation Example 2

[0073]
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| [Formula 1-3]

(F)s
/’\O/\
| (2.
T (F)s
O s (Fs

[0074] In a glove box under argon conditions, 1 g of [Li(Et,O),][B(CgF5)4] (TCI Co.) was put in a round flask, and 10
mL of anhydrous diethyl ether was injected thereto. The solution thus prepared was connected with a Schlenk line, and
argon conditions were set. A cooling bath was made using acetonitrile and dry ice, and at -40°C, the solution thus
prepared was stirred. During stirring, 5 equivalents of 1 M HCI in diethyl ether (Sigma-Aldrich) were injected through a
syringe. At -40°C, stirring was further performed for 30 minutes, and then, the temperature was slowly raised to room
temperature.

[0075] In the glove box, a salt produced in the solution was removed by filtering, a transparent solution was collected,
and solvents were removed by vacuum drying. After removing the solvents, washing was performed with anhydrous
hexane by 5 mL x three times, and vacuum drying was performed again to obtain a target product.

Preparation Example 3

[0076]

] [Formula 1-2]

(F)

5
.

~ oo
H (F)s

0 (F)s (F)s

[0077] A catalystwas prepared by the same method asin Preparation Example 1 except for using anhydrous diisopropyl
ether instead of the anhydrous dibutyl ether.

Comparative Preparation Example 1

[0078] Brookhart’s acid represented by a formula below was prepared according to a known method.
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FsCo~CF3
i U O A
/\o/\
| B
I
FC CF
\\/O‘\/ 3 3
g L R CF,

[0079] Particularly, NaBAr', and hydrochloride were reacted in diethyl ether, and sodium tetrakis[3,5-bis(trifluorome-
thyl)phenyllborate was purchased from Sigma-Aldrich and used.

NaBAr, + HCI + 2Et,0 — [H(OEt,),][BAr,] + NaCl

Comparative Preparation Example 2
[0080] [Et;O][BF,] (Sigma-Aldrich) was purchased and prepared.
Comparative Preparation Example 3
[0081] [BF5][OEt,] (Sigma-Aldrich) was purchased and prepared.

Examples and Comparative Examples: Preparation of isobutene-based polymers

(1) Preparation of polyisobutene
Example 1

[0082] To an Andrew glass flask well-dried in a convection oven, a magnetic bar was put, and vacuum was applied
and kept for about 1 hour. An ice bath was made using acetone-dry ice, and the Andrew glass flask was put therein to
cool. Anisobutene line was connected, and an appropriate amountwas condensed. The amount of anisobutene monomer
injected into the Andrew glass flask was checked, dried toluene was added, and the concentration of the isobutene
monomer was controlled to 20 wt% based on a monomer composition. The temperature of the Andrew glass flask thus
prepared was controlled to -20°C.

[0083] The catalyst of Preparation Example 1 and an Et,AlCI cocatalyst were prepared in a glove box and respectively
dissolved in toluene to be 0.05 parts by weight based on 100 parts by weight of the isobutene monomer, and then,
injected using syringes. After 45 minutes from the injection, the Andrew glass flask was opened, a remaining isobutene
monomer was removed, and the reaction was quenched with methanol. Remaining solvents were removed through a
rotary evaporator, and a remaining polymer was completely dried in vacuum until no weight change was observed.

Examples 2 to 10, and Comparative Examples 1 to 6

[0084] Polyisobutenes were prepared by the same method as in Example 1 except for changing reaction conditions
as shown in Table 1 below.
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[Table 1]
Catalyst Cocatalyst
Isobutene Content Content . o
concentration (based (basedon | Reaction Polym?rlzatlon
(Wt%) Type on 100 | Type 100 parts | solvent temp (°C)
parts by by weight
weight) of IB)
Example 1 20 Preparation | ) Et,AICI | 0.05 Toluene | -20
Example 1
Example2 | 20 Preparation | ) Et,AICI | 0.05 Toluene | -40
Example 1
Example 3 | 40 Preparation | ) Et,AICI | 0.05 Toluene | -20
Example 1
Example 4 | 40 Preparation | ) Et,AICI | 0.05 Toluene | -40
Example 1
Example 5 | 40 Preparation | ) Et,Al | 0.05 Toluene | -40
Example 1
Example 6 | 20 Preparation | ) Et,AICI | 0.05 Hexane | -40
Example 1
Example 7 | 40 Preparation | ) Et,AICI | 0.05 Hexane | -40
Example 1
Example 8 | 50 Preparation | ) EtLAICI | 0.05 Hexane | -40
Example 1
Example 9 | 40 Preparation | ) Et,AICI | 0.05 Hexane | -40
Example 2
Example 10 | 40 Preparation | ) EtLAICI | 0.05 Hexane | -40
Example 3
Comparative 20 Preparation 0.01 ) ) Toluene 40
Example 1 Example 1
Comparative Preparation
40 0.05 MAO 0.05 Toluene -40
Example 2 Example 1
Comparative | 20 - - Et,AICI | 0.05 Toluene -40
Example 3
Comparative | ,, AlCl, 0.05 Etact | %9° Toluene | -40
Example 4
Comparative Comparative | 0.05 0.05
P 40 Preparation Et,AICI Hexane -40
Example 5
Example 1
Comparative Comparative | 0.05 0.05
P 40 Preparation Et,AICI Hexane -40
Example 6
Example 2

(2) Preparation of isobutene-isoprene copolymers

Example 11

[0085] To an Andrew glass flask well-dried in a convection oven, a magnetic bar was put, and vacuum was applied
and kept for about 1 hour. After cooling the Andrew glass flask using a low-temperature reactor, an isobutene line was
connected, and 20 g of an isobutene monomer was injected. By using a syringe, an isoprene monomer was injected in
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2 to 5 wt% based on the isobutene monomer. A solvent used for reaction was injected into the Andrew glass flask, and
the concentration of the isobutene monomer was controlled to 40 wt% based on amonomer composition. The temperature
of the Andrew glass flask thus prepared was controlled to -40°C. A catalyst and a cocatalyst were prepared in a glove
box and dissolved in small amounts of dichloromethane, and then, injected using syringes. After 45 minutes from the
injection, the Andrew glass flask was opened, remaining isobutene was removed, and the reaction was quenched with
methanol. In this case, the isobutene-isoprene copolymer thus obtained was completely dried in vacuum until no weight
change was observed.

Examples 12 to 17, and Comparative Examples 7 to 15

[0086] Isobutene-isoprene copolymers were prepared by the same method as in Example 1 except for changing
reaction conditions as shown in Table 1 below.
[Table 2]
Isobutene Catalyst Cocatalyst
co?o;:entratlon Type Content (based on Type Content (based on
(wt%e) 100 parts by weight) 100 parts by weight)
Example 11 40 Preparation 0.100 (Et),AICI | 0.05
Example 1
Example 12 40 Preparation 0.050 (Et),AICI | 0.10
Example 1
Example 13 40 Preparation 0.025 (Et),AICI | 0.10
Example 1
Example 14 40 Preparation 0.025 (Et),AICI | 0.20
Example 1
Example 15 40 Preparation 0.025 (Et)AI 0.05
Example 1 (Cl),
Example 16 40 Preparation 0.025 (Et)AI 0.03
Example 1 (CI),
Example 17 40 Preparation 0.025 AICI5 0.10
Example 1
Comparative | 40 - - (Et),AICI | 0.05
Example 7
Comparative | 40 Comparative 0.025 (Et),AICI | 0.10
Example 8 Preparation
Example 1
Comparative | 40 Comparative 0.025 (Et),AICI | 0.10
Example 9 Preparation
Example 1
Comparative | 40 Preparation 0.025 - -
Example 10 Example 1
Comparative | 40 Preparation 0.025 MMAO 0.10
Example 11 Example 1
Comparative | 40 Preparation 0.025 Al(O- 0.10
Example 12 Example 1 secBu),
Comparative | 40 Preparation 0.025 ZnCl, 0.10
Example 13 Example 1
Comparative | 40 Preparation 0.025 FeCl, 0.10
Example 14 Example 1
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(continued)
Isobutene Catalyst Cocatalyst
co?(;:entratlon Type Content (based on Type Content (based on
(wt%e) 100 parts by weight) 100 parts by weight)
Comparative | 40 Comparative 0.025 - -
Example 15 Preparation
Example 3

Experimental Examples: Analysis of isobutene-based polymer

(1) Polymerization conversion ratio (%)

[0087] The weight of a dried isobutene-based polymer was measured and a polymerization conversion ratio was

calculated.

(2) Weight average molecular weight (Mw), number average molecular weight (Mn), peak molecular weight (Mp)
and molecular weight distribution (MWD)

[0088] Measurementwas conducted under gel permeation chromatography (GPC) analysis conditions below, a weight
average molecular weight (Mw) and a number average molecular weight (Mn) were measured, and molecular weight
distribution was calculated from the value of (weight average molecular weight)/(number average molecular weight).

- Column: PL MiniMixed B x 2
- Solvent: THF

- Flow rate: 0.3 ml/min
- Specimen concentration: 2.0 mg/ml
- Injection amount: 10 pL

- Column temperature: 40°C
- Detector: Rl detector (Agilent Co.)

Standard: polystyrene (corrected by a cubic function)
Data processing: ChemStation

[Table 3]
Polymerization conversion ratio (%) | Mw Mn MWD

Example 1 >99 165,119 | 75,054 22
Example 2 >99 306,398 | 165,159 | 1.9
Example 3 >99 210,358 | 105,735 | 2.0
Example 4 >99 429,595 | 198,131 | 2.2
Example 5 >99 139,934 | 86,207 1.6
Example 6 65 403,953 | 220,877 | 1.8
Example 7 78 428,695 | 194,242 | 2.2
Example 8 73 431,061 | 227,838 | 1.9
Example 9 80 510,873 | 228,427 | 2.2
Example 10 85 403,953 | 220,877 | 1.8
Comparative Example 1 | >99 23,828 9,694 2.5
Comparative Example2 | 56 292,024 76,655 3.8
Comparative Example 3

Comparative Example 4
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(continued)
Polymerization conversion ratio (%) | Mw Mn MWD
Comparative Example 5
Comparative Example 6 | 30 366,295 198,098 1.9
[Table 4]
Polymerization conversion Isoprene Mn Mw Mp MWD
ratio (%) (mol%)
Example 11 60 4.9 109,231 | 295,648 | 138,833 | 2.71
Example 12 >90 4.2 110,945 | 265,957 | 111,811 | 2.40
Example 13 70 1.8 260,600 | 410,252 | 349,919 | 1.57
Example 14 75 1.9 161,502 | 315,980 | 191,531 1.96
Example 15 78 2.0 173,949 | 322,954 | 230,034 | 1.86
Example 16 65 1.8 87,506 186,678 | 131,393 | 2.13
Example 17 >90 2.0 80,137 159,715 | 116,329 | 1.99
Comparative - - - - - -
Example 7
Comparative - - - - - -
Example 8
Comparative - - - - - -
Example 9
Comparative <3 1.8 5,431 26,238 24,784 4.83
Example 10
Comparative 16 1.5 22,893 42,265 41,415 1.85
Example 11
Comparative - - - - - -
Example 12
Comparative - - - - - -
Example 13
Comparative - - - - - -
Example 14
Comparative - - - - - -
Example 15

[0089] As described in the tables, in case of the Examples for preparing isobutene-based polymers using the catalyst
composition of the present invention, a high polymerization conversion ratio was shown, and isobutene-based polymers
having a high molecular weight could be prepared.

[0090] Particularly, the preparation results of polyisobutenes are as follows. In Comparative Example 1 in which the
cocatalyst was not used, the molecular weight of the polyisobutene was markedly low. In Comparative Example 2 in
which an aluminoxane not corresponding to Formula 2 was used as the cocatalyst, the polymerization conversion ratio
was low, the molecular weight distribution of the polyisobutene was broad, and the deterioration of physical properties
occurred.

[0091] In addition, in Comparative Examples 3 and 4, in which the catalyst represented by Formula 1 was not used,
polymerization was not performed. In Comparative Example 5 in which the catalyst of Comparative Preparation Example
1 was used, polymerization was not performed, and a polyisobutene could not be prepared, and in Comparative Example
6 in which the catalyst of Comparative Preparation Example 2 was used, the polymerization conversion ratio was low
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to a degree of 30%.

[0092] Meanwhile, the preparation results of isobutene-isoprene copolymers are as follows. In case of Comparative
Example 7 in which the catalyst of Formula 1 was not used, cationic polymerization was not performed, and a copolymer
could not be obtained, and in case of Comparative Example 10 in which the cocatalyst was not used, the polymerization
conversion ratio was very low and less than 3%, a copolymer could not be obtained properly in contrast to reactants
used, and the copolymer prepared had a very low molecular weight and broad molecular weight distribution.

[0093] Comparative Examples 8 and 9 used the catalyst of Comparative Preparation Example 1 instead of the catalyst
of Formula 1, and cationic polymerization was not performed, and a copolymer could not be obtained.

[0094] Meanwhile, in case of Comparative Example 11 in which an aluminoxane-based cocatalyst was used instead
of the cocatalyst represented by Formula 2, it could be confirmed that the polymerization conversion ratio was low, the
number average molecular weight of the copolymer was a very low value compared to the Examples. In Comparative
Example 12 in which aluminum oxide was used as the cocatalyst, and Comparative Examples 13 and 14, in which a
Zn-based or Fe-based compound was used as the cocatalyst, cationic polymerization could not be properly performed,
and a copolymer could not be obtained. In Comparative Example 15 in which a catalyst not corresponding to Formula
1 was used, a copolymer could not be obtained either.

[0095] As described above, it could be confirmed that an isobutene-based polymer with a high molecular weight was
obtained in an excellent conversion ratio by using the catalyst represented by Formula 1 and the cocatalyst represented
by Formula 2 according to the present invention.

Claims

1. A catalyst composition comprising a catalyst represented by the following Formula 1 and a cocatalyst represented
by the following Formula 2:

[Formula 1]

in Formula 1,
R is an alkyl group of 2 to 12 carbon atoms,

R to R4 are each independently a halogen group, and
0, p, q and r are each independently an integer of 1 to 5,

[Formula 2]

(Ra)mAl(Z)3.m

in Formula 2,

R, is a hydrocarbon group of 1 to 20 carbon atoms,
Zis a halogen group, and
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m is an integer of 0 to 3.
The catalyst composition according to claim 1, wherein, in Formula 1,

R is an alkyl group of 2 to 8 carbon atoms,
R, to R, are each independently F or Cl, and
0, p, q and r are each independently an integer of 3 to 5.

The catalyst composition according to claim 1, wherein, in Formula 1,

R is an alkyl group of 2 to 6 carbon atoms,
R;to R, are F, and
0, p, g and r are each independently an integer of 4 or 5.

The catalyst composition according to claim 1, wherein, in Formula 2,
each R, is an alkyl group of 1 to 12 carbon atoms, a cycloalkyl group of 3 to 12 carbon atoms or an aryl group of 6
to 12 carbon atoms,

Zis Bror Cl, and
m is an integer of 0 to 3.

The catalyst composition according to claim 1,
wherein, in Formula 2,

each R, is an alkyl group of 1 to 6 carbon atoms,
Zis Cl, and
m is an integer of 0 to 3.

The catalyst composition according to claim 1, wherein the cocatalyst represented by Formula 2 is one or more
selected from the group consisting of aluminum trichloride, methylaluminum dichloride, ethylaluminum dichloride,
isopropylaluminum dichloride, ethylaluminum dibromide, dimethylaluminum chloride, diethylaluminum chloride, di-
isopropylaluminum chloride, diisobutylaluminum chloride, dimethylaluminum bromide, trimethylaluminum, triethyl-
aluminum, tri-n-propylaluminum, triisoporpylaluminum, tri-n-butylaluminum, triisobutylaluminum, tri-t-butylalumi-
num, tripentylaluminum, trihexylaluminum, tricyclohexylaluminum, trioctylaluminum and tri-2-ethylhexylaluminum.

The catalyst composition according to claim 1, wherein a weight ratio of the catalyst represented by Formula 1 and
the cocatalyst represented by Formula 2 is 1:0.1 to 1:50.

The catalyst composition according to claim 1, wherein an organic borate included in the catalyst represented by
Formula 1 is tetrakis(pentafluorophenyl)borate.

A method for preparing an isobutene-based polymer, the method comprising polymerizing a monomer composition
comprising an isobutene monomer, in the presence of the catalyst composition of claim 1.

The method for preparing an isobutene-based polymer according to claim 9, wherein an amount of the catalyst
represented by Formula 1 is 0.005 to 0.5 parts by weight based on 100 parts by weight of the isobutene monomer.

The method for preparing an isobutene-based polymer according to claim 9, wherein an amount of the cocatalyst
represented by Formula 2 is 0.005 to 0.5 parts by weight based on 100 parts by weight of the isobutene monomer.

The method for preparing an isobutene-based polymer according to claim 9, wherein the polymerization is performed
at a temperature of -50 to -10°C.

The method for preparing an isobutene-based polymer according to claim 9, wherein the polymerization is performed
for 10 minutes to 3 hours.

The method for preparing an isobutene-based polymer according to claim 9, wherein the isobutene-based polymer
is polyisobutene.
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15. The method for preparing an isobutene-based polymer according to claim 9, wherein the isobutene-based polymer

is an isobutene-isoprene copolymer.
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